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(57) ABSTRACT

In an RFID system including an RFID tag and an RFID reader
for performing wireless communications with the RFID tag,
an RFID relay antenna has a first loop antenna for electro-
magnetic induction coupling with an antenna at the RFID tag,
a second loop antenna that 1s provided apart from the first loop
antenna and for electromagnetic induction coupling with an
antenna at the RFID reader, and wires for connecting the first
loop antenna and the second loop antenna so as to form one
closed loop and for conveying an induced current generated at
the first and second loop antennas to the second and first loop
antennas, respectively.
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RFID RELAY ANTENNA, RFID SYSTEM,
CONTAINER, DISPOSITION METHOD,
COMMUNICATION CONFIRMATION
METHOD, AND PACKAGE CONSTRUCTION

PRIORITY INFORMATION

This application claims priority to Japanese Patent Appli-
cation No. 2005-062686, filed Mar. 7, 2005, which 1s incor-

porated herein by reference 1n its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an RFID (Radio Frequency
Identification) tag system including an RFID tag and an RFID
reader for performing wireless communications with the
RFID tag, an RFID relay antenna used 1n the RFID system, a
container for housing a product to which the RFID tag is
attached, a disposition method for containers, a communica-
tion confirmation method 1n the RFID system, and a package
construction of the product to which the RFID tag is attached.

2. Description of the Related Art

RFID systems for performing wireless communications
between RFID tags and RFID readers have become prevalent
in recent years. These RFID systems often utilize the action of
clectromagnetic induction between tag and reader, such as
clectromagnetic coupling methods and electromagnetic
induction methods.

In the methods utilizing the electromagnetic induction
action, the commumnication range 1s relatively short, such as
several cm 1n the electromagnetic coupling method and sev-
eral tens of cm 1n the electromagnetic induction method.
Furthermore, it 1s necessary for the loop antenna of the RFID
tag and the loop antenna of the RFID reader to face each other.
Namely, 1t 1s necessary for the RFID tag and the RFID reader
to face each other in proximity and the degree of freedom in
their positional relationship 1s small. Thus, a technique 1s
desirable to increase the degree of freedom 1n their positional
relationship.

SUMMARY OF THE INVENTION

The present invention 1s an RFID relay antenna that 1s used
in an RFID system including an RFID tag and an RFID reader
that performs wireless communications with the RFID tag,
where the RFID relay antenna has a first loop antenna that
couples through electromagnetic induction with an antenna at
the RFID tag, a second loop antenna that 1s disposed apart
from the first loop antenna and that couples through electro-
magnetic induction with an antenna at the RFID reader, and
wires that connect the first loop antenna and the second loop
antenna so as to form one closed loop and that convey an
induced current generated at the first and second loop anten-
nas to the second and first loop antennas, respectively.

Furthermore, the present invention 1s an RFID system hav-
ing an RFID tag, an RFID reader that performs wireless
communications with the RFID tag, and an RFID relay
antenna having a first loop antenna that couples through elec-
tromagnetic induction with an antenna at the RFID tag, a
second loop antenna that 1s disposed apart from the first loop
antenna and couples through electromagnetic induction with
an antenna at the RFID reader, and wires that connect the first
loop antenna and the second loop antenna so as to form one
closed loop and that convey an induced current generated at
the first and second loop antennas to the second and first loop
antennas, respectively, where an electromagnetic wave from
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the RFID reader, after being converted to an induced current
by the second loop antenna, 1s conveyed to the first loop
antenna via the wires, converted to an electromagnetic wave
by the first loop antenna, and transmitted toward the RFID
tag, an electromagnetic wave from the RFID tag, after being
converted to an induced current by the first loop antenna, 1s
conveyed to the second loop antenna via the wires, converted
to an electromagnetic wave by the second loop antenna, and
transmitted toward the RFID reader.

Furthermore, the present invention 1s a container that con-
tains a product to which an RFID tag 1s attached, the container
having a third loop antenna that 1s disposed near the RFID tag
and couples through electromagnetic induction with an
antenna at the RFID tag, a fourth loop antenna that 1s disposed
on a component surface forming the container and couples
through electromagnetic mnduction with an antenna on the
outside of the container, and wires that connect the third loop
antenna and the fourth loop antenna so as to form one closed
loop and that convey an induced current generated at the third
and fourth loop antennas to the fourth and third loop antennas,
respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will be described 1n
detail based on the following figures, wherein:

FIG. 1 1s a schematic diagram showing the configuration of
an RFID system relating to a first embodiment;

FIG. 2 1s a schematic diagram of the RFID system having
three relay antennas;

FIG. 3 15 a plan view of the relay antenna provided with
multiple first antennas (or second antennas);

FIG. 4 1s a simplified perspective view of a container relat-
ing to a second embodiment;

FIG. 5 1s a schematic sectional view of A-A from FIG. 4;

FIG. 6 1s a schematic sectional view of the container pro-
vided with the relay antenna on the surface of the container
body;

FIG. 7 1s a schematic sectional view of the container relat-
ing to a third embodiment;

FIG. 8 1s a schematic sectional view of a container
sequence formed by a disposition method relating to the third
embodiment;

FIG. 9 15 a schematic sectional view of the container pro-
vided with a third antenna and a fourth antenna on two 1nline
arranged surfaces;

FIG. 10 1s a schematic sectional view of a pair of container
sequences formed by a disposition method relating to a fourth
embodiment;

FIG. 11 1s a schematic sectional view of a container relating
to a fifth embodiment;

FIG. 12 1s a schematic sectional view of a container group
formed by a disposition method relating to the fifth embodi-
ment,

FIG. 13 1s a schematic sectional view of a container relating
to a sixth embodiment;

FIG. 14 1s a schematic sectional view of a container group
formed by a disposition method relating to the sixth embodi-
ment,

FIG. 15 1s a schematic diagram 1llustrating a disposition
method relating to a seventh embodiment;

FIG. 16 1s a schematic diagram showing a package con-
struction relating to an eighth embodiment;

FIG. 17 1s a simplified perspective view showing a unit
package container relating to a mnth embodiment;
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FIG. 18 show simplified plan views and simplified front
views 1llustrating examples of palletized unit package con-
tainers:

FIG. 19 1s a perspective view showing a state where stretch
f1lm 1s wrapped around palletized unit package containers;

FIG. 20 1s a perspective view showing the unit package
container and 1ts contents;

FI1G. 21 1s a schematic sectional view showing an example
of cushioning material provided with an opening for tag
attachment;

FIG. 22 1s a schematic sectional view showing another
example of cushioning material provided with an opening for
tag attachment;

FIG. 23 shows examples of handling marks; and

FIG. 24 1s a schematic plan view of the relay antenna that
was fabricated in the example.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will be described
hereinafter with reference to the attached figures.

First Embodiment

FI1G. 1 1s a schematic diagram showing the configuration of
an RFID system 1 relating to this embodiment. The RFID
system 1 utilizes the action of electromagnetic induction to
perform non-contact reading and writing of data with respect
to memory. As 1n ordinary RFID systems, the RFID system 1
in FIG. 1 has an RFID tag 10 (referred to hereinaiter as “tag”)
and an RFID reader 20 (referred to heremaftter as “reader”).
Existing products can be used for the tag 10 and the reader 20.
Furthermore, the specifications for the tag 10 and the reader
20, such as power supply method to the tag (passive or active),
communications protocol, modulation method, transmission
speed, and so forth, may be appropriately set.

The tag 10 1s a wireless 1C chip called an IC tag or wireless
tag and has a tag antenna 11, a memory 12, and a control
circuit 13.

The tag antenna 11 1s a loop antenna, which 1s a wire that
has been formed into a coil shape, and receives mmcoming
clectromagnetic waves from the outside and emits electro-
magnetic waves outward.

The memory 12 1s a non-volatile semiconductor memory
for storing predetermined information, such as information
regarding a product to which the tag 10 has been attached. The
memory 12 may be a read-only memory (ROM) or a read/
write memory, such as an EEPROM (Electrically Erasable
Programmable Read-Only Memory).

The control circuit 13 executes predetermined processes,
such as communications, memory access, power conversion,
and so forth. More specifically, the control circuit 13 obtains
received data by demodulating a signal that 1s recerved from
the tag antenna 11. On the basis of the received data that 1s
obtained, the control circuit 13 creates transmit data to be
transmitted to the reader 20, modulates the transmit data, and
transmits the obtained transmit data outward from the tag
antenna 11. Furthermore, on the basis of the receive data, the
control circuit 13 executes a process, such as reading data
from the memory 12 or writing data to the memory 12.

The reader 20 1s a communication-device for performing
wireless communications with the tag 10 to access the
memory 12. Here, the reader 20 may be a reader device for
reading data from the memory 12 or areader/writer device for
reading and writing data with respect to the memory 12. The
reader 20 has a reader antenna 21 and a control circuit 22.
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The reader antenna 21 1s a loop antenna, which 1s a wire
that has been formed 1nto a coil shape, and receives incoming
clectromagnetic waves from the outside and emits electro-
magnetic waves outward.

The control circuit 22 executes predetermined communi-
cation processes. More specifically, the control circuit 22
creates transmit data to be transmitted to the tag 10, modu-
lates the transmit data, and transmits the obtained transmis-
s10n signal outward from the reader antenna 21. Furthermore,
the control circuit 22 demodulates the signal that 1s received
from the reader antenna 21 and executes the appropriate pro-
cess on the basis of the recerved data that 1s obtained.

The tag 10 and the reader 20 having the above-mentioned
configuration may be enabled for direct communication as 1n
an ordinary RFID system. However, for direct communica-
tions between them, 1t 1s necessary to arrange the tag antenna
11 and the reader antenna 21 so as to face each other in
proximity, thus, the degree of freedom 1n the positional rela-
tionship of the tag 10 and the reader 20 1s small.

Accordingly, 1n this embodiment, an RFID relay antenna
30 (referred to hereinaiter as “relay antenna”) 1s provided
between the tag 10 and the reader 20 for relaying the trans-
mission and reception of electromagnetic waves between
them. The configuration of the relay antenna 30 will be
described hereimaftter.

As shown1n FIG. 1, the relay antenna 30 has a first antenna
31, a second antenna 32, and wires 33.

The first antenna 31 1s a loop antenna, which 1s a wire that
has been formed 1nto a coil shape. The first antenna 31 1s for
clectromagnetic induction coupling with the loop antenna at
the tag 10 and 1s arranged so as to face 1n proximity the loop
antenna (tag antenna 11 in FIG. 1) at the tag 10.

The second antenna 32 is a loop antenna, which 1s a wire
that has been formed 1nto a coil shape, and 1s provided apart
from the first antenna 31. The second antenna 32 1s for elec-
tromagnetic induction coupling with the loop antenna at the
reader 20 and 1s arranged so as to face i proximity the loop
antenna (reader antenna 21 1n FIG. 1) at the reader 20.

The wires 33 connect the first antenna 31 and the second
antenna 32 so as to form one closed loop. In FIG. 1, the wires
33 are a pair of wires to connect the ends of the first antenna
31 and the second antenna 32 together. The first antenna 31,
the second antenna 32, and the wires 33 form a unicursal wire
circuit.

The specific configuration of the relay antenna 30, such as
the shape and dimension of each part of the relay antenna 30
and the number of turns of the antenna coil, may be appro-
priately set with consideration given to the coupling of vari-
ous parts, impedance matching, resonance irequency, and so
forth. Furthermore, other components, such as a capacitor,
may be added to the relay antenna 30. Furthermore, the relay
antenna 30 may be formed on an appropriate supporting
substrate, such as a plastic board or tlexible sheet, by screen
printing or etching, or may be formed from only a wire.

In the RFID system 1 having the above-mentioned con-
figuration, the transmission and reception of signals between
the tag 10 and the reader 20 are performed via the above-
mentioned relay antenna 30 1n the manner below.

When a signal 1s sent from the reader 20 to the tag 10, the
reader 20 transmits an electromagnetic wave from the reader
antenna 21. This electromagnetic wave 1s converted 1nto an
induced current at the second antenna 32 by electromagnetic
induction action. This induced current 1s conveyed to the first
antenna 31 by the wires 33. The conveyed induced current 1s
converted into an electromagnetic wave by the first antenna
31 and transmitted outward. This electromagnetic wave 1s
converted nto an mduced current at the tag antenna 11 by
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clectromagnetic induction action, and recetved as an electric
signal by the control circuit 13 of the tag 10.

When a signal 1s sent from the tag 10 to the reader 20, the
tag 10 transmits an electromagnetic wave Ifrom the tag
antenna 11. This electromagnetic wave 1s converted nto an
induced current at the first antenna 31 by electromagnetic
induction action. This mduced current 1s conveyed to the
second antenna 32 by the wires 33. The conveyed induced
current 1s converted mto an electromagnetic wave by the
second antenna 32 and transmitted outward. This electromag-
netic wave 1s converted 1nto an induced current at the reader
antenna 21 by electromagnetic induction action, and recerved
as an electric signal by the control circuit 22 of the reader 20.

The action of the above-mentioned RFID system 1 was
confirmed by an actual verification test and 1ts result will be
given under “example’” to be described hereinatter.

Multiple relay antennas 30 may be provided between the
tag 10 and the reader 20. For example, 1n FIG. 2, a schematic
diagram of an RFID system 2 having three relay antennas
30A, 30B, 30C i1s shown. In FIG. 2, the signal that 1s trans-
mitted from the reader 20 1s transferred 1n succession to the
tag 10 by the relay antennas 30C, 30B, 30A. Taking note of
the relay antenna 30B, a first antenna 31B 1s coupled through
clectromagnetic induction with a second antenna 32A of the
relay antenna 30A as an antenna at the tag 10, and a second
antenna 32B 1s coupled through electromagnetic induction
with a first antenna 31C of the relay antenna 30C as an
antenna at the reader 20.

As described above, according to the relay antenna 30
relating to this embodiment, since the first antenna 31 and the
second antenna 32 are respectively coupled through electro-
magnetic induction with the antenna at the tag 10 and the
antenna at the reader 20, and the wires 33 respectively convey
the induced currents generated at the first antenna 31 and the
second antenna 32 to the second antenna 32 and the first
antenna 31, the wireless communications between the tag 10
and the reader 20 can be relayed.

Furthermore, the relay antenna 30 1s formed from antenna
coils and wires so as to obviate the need for expensive parts,
such as IC chips. Thus, according to the relay antenna 30
relating to this embodiment, the wireless communications
between the tag 10 and the reader 20 can be relayed with an
extremely simple configuration and at low cost.

Furthermore according to the relay antenna 30, the elec-
tromagnetic wave from the tag 10 or the reader 20 1s converted
into an mnduced current and conveyed by wires as an electric
signal so that the energy loss over the transmission path can be
reduced. Thus, the communication range can be substantially
increased.

Furthermore, 1n the RFID system 1 relating to this embodi-
ment, the wireless communications between the tag 10 and
the reader 20 are relayed by the relay antenna 30. Thus, they
need not be 1n proximity to each other and the communication
range between them can be increased. Furthermore, the
restriction of antenna directivity for them 1s eliminated and
the need for arranging them to face each other 1s obviated.
Namely, 1t 1s possible to increase the degree of freedom 1n the
positional relationship between the tag 10 and the reader 20.

Furthermore, according to the RFID system 1 relating to
this embodiment, since the degree of freedom 1n the posi-
tional relationship between the tag 10 and the reader 20 1s
increased by the use of the relay antenna 30, existing tags and
readers can be utilized for added convenience. Furthermore,
this also particularly obviates the need for increasing trans-
mission power.

Furthermore, even 1n the case where the tag antenna 11 1s
small and the wireless communication range for the tag 10

5

10

15

20

25

30

35

40

45

50

55

60

65

6

itself 1s short, the wireless communication range (distance
from the reader antenna 21 to the antenna at the tag 10) can be
extended by increasing the size of the second antenna 32 of
the relay antenna 30.

Furthermore, 1n the case where the tag antenna 11 and the
reader antenna 21 have different shapes, the communication
eificiency (energy transmission efficiency) in the existing
system becomes lower. However, 1n this embodiment, 11 the
first antenna 31 matches the shape of the tag antenna 11 and
the second antenna 32 matches the shape of the reader
antenna 21, efficient communications can be performed.
Theretfore, the shape of the tag antenna 11 and that of the
reader antenna 21 are respectively not constrained by the
shape of the other. As a result, for example, a standard tag with
an antenna having a rectangular shape can be adapted to the
reader antenna 21 having various antenna shapes so that a
standardization or commonization of tags can be designed.
Conversely, a reader provided with an antenna having a stan-
dard shape can be adapted to the tag antenna 11 having
various antenna shapes so that a standardization or commoni-
zation of readers can be designed.

As shown in FIG. 3, multiple first antennas 31 may be
provided apart from each other. In this case, the wires 33
connect the multiple first antennas 31 and the second antenna
32 so as to form one closed loop. According to this configu-
ration, tags 10 1n multiple locations can be electromagneti-
cally coupled to the reader 20 with one relay antenna. Thus,
for example, 1t becomes possible to simultaneously access
multiple tags 10 1nstalled at multiple locations.

Furthermore, as shown 1n FIG. 3, multiple second antennas
32 may be provided apart from each other. In this case, the
wires 33 connect the multiple second antennas 32 and the first
antenna 31 so as to form one closed loop. According to this
configuration, readers 20 in multiple locations can be elec-
tromagnetically coupled to the tag 10 with one relay antenna.
Thus, for example, 1t becomes possible to access one tag 10
from multiple locations and directions.

Furthermore, the first antenna 31 and the second antenna
32 in the relay antenna may be each provided in multiple
quantities.

Second Embodiment

FIG. 4 15 a simplified perspective view of a container 40
relating to a second embodiment. FIG. 5 1s a schematic sec-
tional view of A-A from FIG. 4. The container 40 1s for
holding a product to which an RFID tag has been attached.
The product to which an RFID tag has been attached 1s not
limited to any product in particular. Here it 1s a replacement
unit (drum cartridge, toner cartridge, or the like) for an image
formation apparatus (copier, printer, or the like). For explana-
tory convenience in the description hereinatter, the directions
of front, rear, top, bottom, left, and right are defined by the
respective arrows shown 1n FIGS. 4 and 5.

A tag 51 has been attached to the left surface of a replace-
ment unit 50. The tag 51 1s utilized to control an 1mage
formation apparatus (not shown), and when the replacement
unit 50 has been 1nstalled 1nto the image formation apparatus
(not shown), it faces a reader (not shown) 1n proximity so that
the reading and writing of various types of control informa-
tion are performed by the reader.

Generally, 1n the physical distribution process, the replace-
ment unmt 50 1s held in a dedicated container so as to be
supported by cushioning material, such as expanded polysty-
rene. Thus, 1n the physical distribution process, it 1s often not
possible for the reader to face the tag 51 1n proximity and the
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tag 51 cannot be accessed. On the other hand, there 1s a
demand to utilize the tag 51 1n the physical distribution pro-
CEesS.

Accordingly, this embodiment provides the container 40
with a relay antenna to make it possible to access the tag 51
from outside the container. This container 40 will be
described hereinaiter.

In FIGS. 4 and 5, the container 40 has a container body 41
in the shape of a rectangular parallelepiped that 1s formed
from s1x surfaces and cushioning materials 42, 43 (not shown
in FI1G. 4) that are formed, such as from expanded polysty-
rene. The replacement unit 50 1s supported in front and behind
within the container body 41 by the cushioning materials 42,
43.

In the contaimner 40 1s provided a relay antenna 60 for
accessing the tag 51 from outside the container. The relay
antenna 60 has a third antenna 61, a fourth antenna 62, and
wires 63.

The third antenna 61 1s a loop antenna for electromagnetic
induction coupling with an antenna of the tag 351 and 1is
installed 1n proximity to the tag 51. Here, 1n the packaged
state, the third antenna 61 1s provided at a location facing 1n
proximity the tag 51 on the surface of the cushioning material
42.

The fourth antenna 62 1s a loop antenna for electromag-
netic induction coupling with a loop antenna outside the
container and 1s installed 1n a component surface forming the
container 40. More specifically, the fourth antenna 62 1s pro-
vided on the front surface, rear surface, left surface, right
surface, top surface, or bottom surface of the container 40.
Here, the fourth antenna 62 1s installed on the front surface of
the container 40 so that to this surface the antenna surface 1s
parallel. In this specification, the expression “an antenna 1s
installed to a surface of the container” should be understood
to include that the antenna 1s installed to or 1n proximaity to the
surface, such as the antenna 1s integrated into a panel on the
inside or outside of a panel forming the surface, the antenna 1s
installed inside a panel forming the surface, the antenna 1s
installed apart from but 1n proximity to a panel forming the
surface, and so forth. Here, however, the fourth antenna 62 1s
formed at a location facing the mner side of the front surface
of the container body 41 on the surface of the cushioning
material 42.

The wires 63, similar to the above-mentioned wires 33,
connect the third antenna 61 and the fourth antenna 62 so as
to form one closed loop.

In the container 40, the third antenna 61 couples with the
antenna of the tag 51 through electromagnetic induction, the
fourth antenna 62 couples with the antenna on the outside of
the container through electromagnetic imduction, and the
wires 63 convey the induced currents generated at the third
antenna 61 and the fourth antenna 62 to the fourth antenna 62
and the third antenna 61, respectively. Thus, according to this
embodiment, the tag 51 can be accessed from outside the
container. More specifically, even i the replacement unit 50 1s
packed into the container 40, the tag 51 inside the container
can be accessed by facing the reader 1n proximity to the front
surface of the container 40. As a result, 1t becomes possible to
utilize the tag 51 even in physical distribution processes.

Furthermore, according to this embodiment, since the relay
antenna 60 1s attached to the cushioning maternial 42, the
distance between the antenna of the tag 51 and the third
antenna 61 can be precisely maintained so that reliable com-
munication 1s possible.

If the position corresponding to the fourth antenna 62 1s
marked on the surface of the container 40, this clarifies the
position where the reader 1s to face for added convemence.
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Furthermore, 1f the fourth antenna 62 1s installed on at least
two of the six surfaces forming the container 40, access
becomes possible from multiple directions. In particular, 1T
the fourth antenna 62 1s 1nstalled on all six surfaces, commu-
nication becomes possible from any surface.

Furthermore, although the relay antenna 60 1s provided 1n
the cushioning material 42 in the above-mentioned embodi-
ment, it may be formed i the container body 41 if, for
example, the tag 51 1s to be positioned in proximity to a
component surface of the container 40. FIG. 6 1s a schematic
sectional view of the container provided with the relay
antenna on the surface of the container body. In FIG. 6, the tag
51 1s positioned 1n proximity to the left surface of the con-
tainer 40 and the third antenna 61 1s provided on the left
surface of the container body 41. Furthermore, the fourth
antenna 62 1s provided on the front surface of the container
body 41. Since the third antenna 61 1s provided on the com-
ponent surface of the container 40 with this configuration, 1t
can be coupled with the antenna of the tag 51 through elec-
tromagnetic induction and can be also coupled with the
antenna on the outside of the container through electromag-
netic induction. Thus, in this configuration, the tag 51 can be
accessed from two directions (front and lett).

In the configuration where the relay antenna 1s provided on
the surface of the container, 1 the relay antenna 1s a sticker
type antenna, the relay antenna can be affixed to the container
and the relay antenna installation process can be simplified.
Furthermore, if the relay antenna 1s formed to integrate with
a label sticker (such as a label sticker listing the name of the
replacement unit) to be aflixed to the container, the conve-
nience can be further enhanced. A sticker type antenna may
be, Tor example, a flexible sheet, such as paper, which has
been printed with a conductive pattern and formed with an
adhesive layer on the underside.

Third Embodiment

FIG. 7 1s a schematic sectional view of a container 70
relating to this embodiment. The container 70 1s substantially
similar to the above-mentioned container 40. In the descrip-
tion hereinafter, the parts that are common with the second
embodiment are omitted. Furthermore, 1n FIG. 7, the cush-
ioning materials and the replacement unit are omaitted.

In FIG. 7, a third antenna 71 1s 1nstalled 1n proximity to a
tag 74 for the replacement unit. Furthermore, on two mutually
opposed surfaces (referred to hereinaiter as “inline arranged
surfaces” and here refers to the front surface and the rear
surface) of the six surfaces, fourth antennas 72F, 72R are
installed for respectively coupling to the antenna on the out-
side of the container through electromagnetic induction. The
antennas 71, 72F, 72R are connected by wires 73. The fourth
antennas 72F, 72R are installed in the following manner.
Namely, when multiple containers 70 are arranged inline 1n
proximity in a direction normal (referred to hereinafter as
“arrangement direction” and here refers to the front and rear
direction) to the inline arranged surfaces, the fourth antennas
72F, 72R that are mnstalled on the inline arranged surface on
both sides adjacent to each other are installed so as to face
cach other 1n proximity.

FIG. 8 1s a schematic sectional view of a container
sequence 700 formed by a disposition method relating to this
embodiment. In the disposition method relating to this
embodiment as shown 1n FIG. 8, multiple containers 70 are
arranged inline 1n the arrangement direction in proximity to
form the container sequence 700. In the container sequence
700, the containers 70 that are mutually adjacent are electro-
magnetically connected through electromagnetic induction
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coupling between the fourth antennas 72F, 72R. The electro-
magnetic field that 1s mput from one end surface (front or
rear) of the container sequence 700 1s conveyed to the other
end surface by passing each of the containers 70, which are

lined up 1n a row. Thus, the tag 74 inside each container 70 can

be accessed from the end surface of the container sequence
700.

In a communication method relating to this embodiment as
shown 1 FIG. 8, a reader 75 1s arranged so as to face 1n
proximity one end surface (front end surface in the figure) of
the container sequence 700. Wireless communications are
performed between the reader 75 and each tag 74 included in
the container sequence 700. In this case, since communica-
tions are performed between the reader 75 and multiple tags
74, an anti-collision function 1s utilized for the RFID system.
This anti-collision function 1s widely known and 1ts descrip-
tion will be omitted herein.

In a communication confirmation method relating to this
embodiment as shown in FIG. 8, a recetver 76 for communi-
cation confirmation 1s arranged to face 1n proximity the other
end surface (rear end surface in the figure) of the container
sequence 700. Then, on the basis of whether or not a signal
trom the reader 75 1s received by the receiver 76, the arrival or
non-arrival of the signal from the reader 75 to each tag 74 1s
tudged. More specifically, when the signal from the reader 75
1s received at the receiver 76, it 1s assumed that an electro-
magnetic connection has been established across both ends of
the container sequence 700 so it 1s judged that the signal from
the reader 75 has reached each tag 74 or will reach each tag
74. On the other hand, when the signal from the reader 75 1s
not recetved at the receiver 76, it 1s assumed that the electro-
magnetic connection 1s broken somewhere 1n the container
sequence 700 so 1t 1s judged that the signal from the reader 75
may possibly not reach each tag 74.

In another communication confirmation method relating to
this embodiment as shown 1n FIG. 8, a transponder 77 for
communication confirmation 1s arranged so as to face in
proximity the other end surface (rear end surface 1n the figure)
of the container sequence 700. Then, on the basis of whether
or not a response signal from the transponder 77 with respect
to the signal from the reader 75 1s received by the reader 75,
the arrival or non-arrival of the signal from the reader 75 to
cach tag 74 1s judged. More specifically, when there 1s a
response irom the transponder 77 to the reader 75, 1t 1s
assumed that an electromagnetic connection has been estab-
lished across both ends of the container sequence 700 so 1t 1s
judged that the signal from the reader 75 has reached each tag
74 or will reach each tag 74. On the other hand, when there 1s
no response from the transponder 77 to the reader 75, it 1s
assumed that the electromagnetic connection 1s broken some-
where 1n the container sequence 700 so 1t 1s judged that the
signal from the reader 75 may possibly not reach each tag 74.

The transponder 77 can also be utilized i the following
manner in the above-mentioned configuration. Each tag 74 1s
assigned a serial number from “001” to “900” as an 1dentifier.
The transponder 77 1s assigned a serial number “999” that 1s
higher than the serial number of the tags 74. As a result of the
anti-collision function, the reader 75 communicates with the
transponder 77 and multiple tags 74 that are included 1n the
container sequence 700 in ascending order of serial numbers.
The reader 75 1nstructs the response function to stop with
respect to tags 74 for which communication has completed.
Then, the reader 75 judges that the communication with all
tags 74 included 1n the container sequence 700 has completed
when the response of the serial number to the interrogation
remains at “999”.
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In the description above, the fourth antennas 72F, 72R are
installed to the 1nline arranged surfaces of the container 70.
However, as shown in FIG. 9, the third antenna 71 may be
installed for electromagnetic induction coupling with the
antenna on the outside of the container.

As described above, according to the container 70 relating
to this embodiment, when the containers 70 are arranged
inline, each tag 74 within each container 70 can be accessed
from one end surface of the container sequence. More spe-
cifically, a container that 1s stacked to the rear of a pallet can
be accessed from the front.

Furthermore, when multiple containers were stacked, such
as on a pallet, there have been security problems 1n the past
where 1t was difficult to determine 1f a container was missing.
According to the container 70 relating to this embodiment, 1t
1s possible to detect the number of containers forming the
container sequence by accessing each tag within each con-
tainer from one end surface of the container sequence and 1t 1s
possible to detect whether or not a container 1s missing by
comparing the detected number with the number of contain-
ers that should be present. As a result, when multiple contain-
ers are mstalled inline, any missing container 1s immediately
detected, and security can be enhanced.

Furthermore, according to the communication confirma-
tion method relating to this embodiment, commumnication
checks can be performed with a simple configuration since
the arrival or non-arrival of signals 1s judged by arranging the
receiver 76 or the transponder 77 on the opposite side of the
reader 75. As a result, the possibility of a problem (including
insuificient signal power) with the communication resources,
such as relay antenna or reader, can be detected. Furthermore,
the possibility of missing containers can be detected so that
security can be strengthened.

Fourth Embodiment

FIG. 10 1s a schematic sectional view of a pair of container
sequences 800R, 800L formed by a disposition method relat-
ing to a fourth embodiment.

In the container arrangement process in the disposition
method relating to this embodiment, a pair of container
sequences 800R, 800L, each with multiple containers 70
arranged inline 1n the arrangement direction, are arranged 1n
parallel. Although they are arranged 1n parallel 1n a longitu-
dinal direction, they may also be arranged in parallel 1n a
vertical direction. Furthermore, both container sequences in
the pair are preferably formed from the same number of
containers and arranged with both end surfaces aligned.

In a U-turn antenna 1nstallation process, a U-turn antenna
80 1s 1nstalled at a position facing one end surtace (rear end
surface in the figure) of the container sequences 800R, 800L.
The U-turn antenna 80 1s a relay antenna having a pair of loop
antennas 81, 82, and wires 83. The pair of loop antennas 81,
82, each respectively arranged in a position facing in prox-
imity the rear end surfaces of the pair of container sequences
800R, 800L, 1s coupled through electromagnetic induction
with the fourth antenna 72R that has been installed at each
rear end surface. The wires 83 connect the pair of loop anten-
nas 81, 82 so as to form one closed loop, and convey induction
currents between the pair of loop antennas 81, 82.

The implementation of the above-mentioned container
arrangement process and the U-turn antenna installation pro-
cess 1s not limited to any particularly order. For example, after
the container sequences 800R, 800L are arranged 1n parallel,
the U-turn antenna 80 may be installed on their rear end
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surfaces, or the container sequences 800R, 800L may be
arranged 1n a collective container that has been mounted with
the U-turn antenna.

In the above-mentioned configuration, the container
sequences 800R, 800L are electromagnetically linked by the
U-turn antenna 80. Then, after an electromagnetic field that 1s
input from the other end surface (front end surface in the
figure) of one of either container sequences 800R, 800L is
conveyed to the rear end surface of one container sequence, 1t
1s mnput by the rear end surface of the other container sequence
via the U-turn antenna. Then, the electromagnetic field that 1s
input at the rear end surface of the other container sequence 1s
conveyed to the front end surface of the other container
sequence. Thus, 1t becomes possible to access the tag 74
included 1n the pair of container sequences from the front end
surface of either one of the pair of container sequences 800R,
800L.

In a commumnication method relating to this embodiment as
shown 1n FIG. 10, the reader 75 1s arranged to face in prox-
imity the other end surface (front end surface of the container
sequence 800R 1n the figure) of one container sequence of the
pair of container sequences 800R, 800L formed from the
above-mentioned disposition method. Then, wireless com-
munications are performed between the reader 75 and each
tag 74 included 1n the container sequences 800R, 800L.

In a communication confirmation method relating to this
embodiment as shown 1n FIG. 10, the receiver 76 for com-
munication confirmation 1s arranged to face 1n proximity the
other end surface (ifront end surface of container sequence
800L 1n the figure) of the other container sequence of the pair
of container sequences 800R, 800L. Then, similar to the third
embodiment, on the basis of whether or not the signal from
the reader 75 1s recetved by the recerver 76, the arrival or
non-arrival of the signal from the reader 75 to each tag 74 1s
judged.

In another communication confirmation method relating to
this embodiment as shown in FI1G. 10, the transponder 77 for
communication confirmation 1s arranged to face in proximity
the other end surface (front end surface of the container
sequence 800L 1n the figure) of the other container sequence
ol the pair of container sequences 800R, 800L. Then, stmilar
to the third embodiment, on the basis of whether or not the
response signal from the transponder 77 with respect to the
signal from the reader 75 1s recetved by the reader 75, the
arrival or non-arrival of the signal from the reader 75 to each
tag 74 1s judged.

As described above, according to this embodiment, mul-
tiple tags included in the two container sequences can be
accessed simultaneously. Furthermore, the receiver 76 or the
transponder 77 for communication confirmation can be
arranged at the same side as the reader 75 so that a simpler
communication check can be performed.

Furthermore, since multiple tags included 1n the two rows
ol container sequences can be accessed simultaneously, the
number of containers forming the two rows ol container
sequences can be detected, and whether or not a container 1s
missing from the two rows of container sequences can be
detected by comparing the detected number with the number
of containers that should be present. Furthermore, since a
simpler communication check can be performed, the possi-
bility of a problem with the commumnication resources and the
possibility ol missing containers can be easily detected.

Fitth Embodiment

FIG. 11 1s a schematic sectional view of a container 90
relating to this embodiment. The container 90 1s substantially
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the same as the above-mentioned container 40. The cushion-
ing materials and replacement unit are omitted in the figure.

In FIG. 11, a third antenna 91 1s installed near a tag 94 of a
replacement unit. Furthermore, fourth antennas 92F, 92L,
92R for electromagnetic induction coupling with respective
antennas outside the container are installed on two adjacent
surfaces of the six surfaces (referred to heremafter as “loop
arranged surfaces™ and here refer to the front surface and the
left surface) and one other surface (referred to hereinatiter as
“access surface™) . These antennas 91, 92F, 921, 92R are
connected by wires 93. Here, the fourth antennas 92F and 92L
are installed in the following manner. Namely, when four
containers 90 are arranged 1n a square loop configuration so
that the loop arranged surfaces are mutually adjacent between
containers, the fourth antennas 92F, 921., which are installed
on the loop arranged surfaces of both sides adjacent to each
other, face each other 1n proximity.

FIG. 12 15 a schematic sectional view of a container group
900 formed by a disposition method relating to this embodi-
ment.

In the container arrangement process in the disposition
method relating to this embodiment as shown 1 FI1G. 12, four
containers 90 are arranged 1n a square loop configuration to
form the container group 900 so that the loop arranged sur-
faces are mutually adjacent between containers.

In a shield member 1nstallation process, a shield member
95 to prevent mterference in the electromagnetic induction
coupling between the fourth antennas 92F, 92L 1s installed at
one location among the four locations where the loop
arranged surfaces are mutually adjacent in the container
group 900. The implementation of the above-mentioned con-
tainer arrangement process and the shield member 1nstalla-
tion process 1s not limited to any particular order.

In the above-mentioned configuration, the four containers
90 are electromagnetically connected through electromag-
netic induction coupling between the fourth antennas 92F,
921 at three adjacent locations. Then, the electromagnetic
wave that 1s input from one of the access surfaces 1s conveyed
to all the four containers 90. Thus, it becomes possible to
access the four tags 94 included 1n the container group 900
from any access surface. In the above-mentioned configura-
tion, 11 the shield member 95 1s not nstalled, an electromag-
netic closed loop 1s formed causing interference and resulting
in unstable communications.

In the communication method relating to this embodiment
as shown 1 FIG. 12, a reader 96 i1s arranged to face 1n
proximity any access surface of the container group 900.
Then, wireless communications are performed between the
reader 96 and each tag 94 included in the container group 900.

In the above description, the fourth antennas 92F, 921, 92R
are installed on two loop arranged surfaces and one access
surface of the container 90. However, as 1n the third embodi-
ment, the third antenna 91 for electromagnetic induction cou-
pling with the antenna on the outside of the container may be
installed.

As described above, according to this embodiment, when
the containers 90 are arranged 1n the layout shown 1n FIG. 12,
cach tag 94 within each container 90 can be accessed from
any access surface. More specifically, the four containers
stacked on the pallet as shown in FIG. 12 can be accessed
simultaneously from one direction.

Furthermore, it 1s possible to detect the number of contain-
ers forming the container group by accessing each tag within
cach container from any access surface, and 1t 1s possible to
detect whether or not a container 1s missing by comparing the
detected number with the number of containers that should be
present (4 containers) . As a result, when the containers are
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arranged as shown 1n FIG. 12, any missing container 1s imme-
diately detected, and security can be strengthened.

Sixth Embodiment

FIG. 13 1s a schematic sectional view of a container 100
relating to this embodiment. The container 100 1s substan-
tially the same as the above-mentioned container 90.

In the container 100, similar to the above-mentioned con-
tainer 90, a third antenna 101 1s installed near a tag 104 and
fourth antennas 102F, 1021 are respectively installed on the
loop arranged surfaces of the front surface and the lett sur-
face. Here, the fourth antennas 102F, 102L are installed 1n the
tollowing manner. Namely, when the four containers 100 are
arranged 1n a square loop shape so that the loop arranged
surfaces between the containers are mutually adjacent at three
locations and not adjacent at one location, the fourth antennas
102F, 102L 1installed at the loop arranged surfaces on both
sides adjacent to each other, face each other in proximity. In
this embodiment, the installation of the loop antenna with
respect to the other surface (access surface) may be omitted.

FIG. 14 1s a schematic sectional view of a container group
1000 formed by a disposition method relating to this embodi-
ment. In the disposition method relating to this embodiment
as shown 1n FIG. 14, four containers 100 are arranged 1n a
square loop shape so that the loop arranged surfaces between
the containers are mutually adjacent at three locations and not
adjacent at one location to form the container group 1000. For
example, when the fourth antenna 102F has been arranged at
the center of the front surface, 1 one of the four containers in
FIG. 12 1s rotated 180 degrees with the longitudinal direction
as the axis of rotation, the result 1s shown 1n FIG. 14.

In the above-mentioned configuration, the four containers
100 are connected electromagnetically through electromag-
netic imduction coupling between the fourth. antennas 102F,
1021 at the three adjacent locations. Then, the electromag-
netic field that 1s input from the exposed fourth antenna 102L
1s conveyed to all four containers 100. Thus, 1t becomes
possible to access the tag 104 included in the container group
1000 from the loop arranged surface that is exposed to the
outside.

In the communication method relating to this embodiment
as shown 1 FIG. 14, a reader 105 1s arranged to face 1n
proximity the loop arranged surface that 1s exposed to the
outside of the container group 1000 formed by the above-
mentioned disposition method. Then, wireless communica-
tions are performed between the reader 105 and each tag 104
included in the container group 1000.

As described above, according to this embodiment, when
the containers 100 are arranged 1n the layout shown 1n FIG.
14, each tag 104 within each container 100 can be accessed
from the outside. Furthermore, since shield members and
loop antennas at the access surfaces are unnecessary, it 1s
possible to design a simplified configuration. Furthermore,
the configuration 1s simpler than 1n the fifth embodiment so
that as 1n the above-mentioned fifth embodiment, any missing
container can be detected and security can be strengthened.

Seventh Embodiment

FIG. 15 1s a schematic diagram illustrating a disposition
method relating to this embodiment. In FIG. 15, a container
110 has the shape of a rectangular parallelepiped and contains
a product to which a tag has been attached. A loop antenna
111 at the tag 1s installed on a component surface (here the top
surface) forming the container 110. Here, the loop antenna
111 at the tag may be a loop antenna at the tag 1tself or a loop
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antenna of the relay antenna that 1s electromagnetically con-
nected with the loop antenna at the tag itself.

In the container arrangement process relating to this
embodiment, MxN containers 110 are arranged 1n a matrix
configuration of M rows and N columns along a plane parallel
to the component surface (referred to heremaiter as antenna
installed surface) on which 1s 1nstalled the loop antenna 111.
Here, M and N are positive integers, preferably an integer of
2 or higher, and more preferably 3 or higher. In FIG. 15,
M=N=3.

In the relay antenna sheet installation process, a relay
antenna sheet 120 1s 1nstalled at a location facing the antenna
installed surface of MxN containers 110 arranged 1n a matrix
configuration. The relay antenna sheet 120 has a flexible or
non-flexible sheet member 121 as a substrate provided with
MxN relay antennas 130. The sheet member 121 1ncludes a
first region 121a overlapping the antenna installed surface of
MxN containers 110 and a second region 1215 provided
outside the first region 121a.

MxN first antennas 131 are arranged on the first region
1214 1n amatrix configuration of M rows and N columns. The
first antennas 131 of the M rows and N columns are provided
in correspondence to the containers 110 of the M-rows and
N-columns and are loop antennas for electromagnetic induc-
tion coupling with the loop antennas 111 of the corresponding
containers 110.

MxN second antennas 132 are arranged to pair with the
corresponding first antennas 131 on the second region 1215.
The second antennas 132 are loop antennas for electromag-
netic induction coupling with the loop antenna at the reader.
In FI1G. 15, the second antennas 132 are lined up in one row
along the longitudinal direction on the left side of the con-
tainer group.

Similar to the first embodiment, for each pair of first anten-
nas 131 and second antennas 132, wires 133 connect the first
antenna 131 and the second antenna 132.

In the communication method relating to this embodiment,
a reader (not shown) faces 1n proximity the desired second
antenna 132 of the relay antenna sheet 120. Then, wireless
communications are pertormed via the relay antenna 130
between the reader and the tag corresponding to the above-
mentioned second antenna 132.

As described above, according to this embodiment, with
the containers arranged 1n a matrix configuration, each tag
included 1n each container can be accessed from the outside.
Furthermore, since all the second antennas 132 are installed
on one side of the container group, all the tags can be accessed
from one side for enhanced convenience.

Furthermore, according to this embodiment, 1t 1s possible
to detect the number of arranged containers by accessing each
tag within each container that is arranged 1n a matrix configu-
ration and 1t 1s possible to detect whether or not a container 1s
missing by comparing the detected number with the number
of containers that should be present (MxN containers). As a
result, when the containers are arranged 1n the matrix con-
figuration, any missing container 1s immediately detected,
and security can be strengthened.

Eighth Embodiment

FIG. 16 1s a schematic diagram showing a package con-
struction relating to this embodiment. This package construc-
tion packages a replacement unit 150 to which a tag (not
shown) has been attached.

In FIG. 16, the replacement unit 150 1s packaged with a
packaging bag 160. The packaging bag 160 1s a gas barrier
bag that includes aluminum foi1l for a barrier layer. Here, since
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the aluminum fo1l 1s an electromagnetic shield layer, when the
replacement unit 150 1s simply packaged with the packaging
bag 160, the tag within the packaging bag 160 cannot be
accessed from the outside.

Accordingly, arelay antenna 170, which 1s stmilar to that in
the first embodiment, 1s provided in this embodiment to
enable access to the tag within the packaging bag from the
outside of the packaging bag.

The relay antenna 170 1s formed from a first antenna 171,
a second antenna 172, and wires 173 on a sheet 174 having an
clongated rectangular shape. Here, the first antenna 171 1s
installed at a location facing 1n proximity the tag within the
packaging bag 160. On the other hand, the second antenna
172 1s mstalled on the outside of the packaging bag 160.

In this embodiment, communication with the tag within the
packaging bag 160 is possible by placing a reader to face in
proximity the second antenna 172. Namely, according to this
embodiment, 1n the package construction where a product 1s
packaged in a packaging bag that includes an electromagnetic
shield layer, the relay antenna 1s used as a marker so that it
becomes possible to access from the outside the tag that 1s
attached to the product within the packaging bag.

Ninth Embodiment

This embodiment relates to the tag attachment configura-
tion to a unit package container and to the palletized configu-
ration, and more specifically, to the attachment position of the
tag to the unit package container and the stacking state of unit
package containers on the pallet.

FIG. 17 1s a simplified perspective view showing a unit
package container 200 relating to this embodiment. The unit
package container 200 1s, for example, a package for a copier
or printer process cartridge. As shown 1n FIG. 17, the unit
package container 200 1s a rectangular parallelepiped that 1s
formed from a primary end surface 201, a secondary end
surface 202, a front surface 203, a rear surface 204, a top
surface 205, and a bottom surface 206. A tag 210 that has been
recorded with information, such as product code of the con-
tent, date of manufacture, model codes of compatible copiers
or printers, and so forth, 1s attached on top or underneath the
primary end surface 201 on the unit package container 200.
Although the tag 210 1s not limited to any particular shape, 1t
has a sheet shape here.

FIG. 18 show simplified plan views and simplified front
views 1llustrating examples (seven examples) of palletized
unit package containers 200. In the description below, a load
(unit package container group) in which multiple unit pack-
age containers 200 are palletized 1s referred to as “palletized
load” for convenience. As shown 1n FIG. 18, the unit package
containers 200 1n this embodiment are palletized so that the
primary end surface 201 1s exposed to the outside (positioned
on the surface of the palletized load). The black dots of “a-1”
in FIG. 18 denote the positions of the primary end surfaces
201 (or tags 210).

It 1s generally desirable to set the dimensions of the pallet-
1zed state (palletized dimensions) on the basis on the size of
the marine cargo container or truck cargo bay while taking,
into account the transport efficiency.

Furthermore, in general, the stacked unit package contain-
ers 200 are wrapped with a film 220, called stretch film, as
shown 1n FI1G. 19, to prevent collapse or soiling or damage to
the unit package containers during transport. This results in
inconvenience as the film 220 must be removed when de-
palletizing the containers.

In the above-mentioned configuration, all tags 210 face the
palletized surface. Thus, the tags 210 can be accessed without
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having to disassemble the pallet. The information that 1s read
or recorded by this access includes, for example, distribution
management information, such as distribution center transit
information from factory shipment to arrival at the customer
and a record of the final destination.

After the pallet has been disassembled for storage at a
warehouse, store, or customer shelf, the primary end surface
201 1s positioned to the front and 1s printed with extremely
important information, such as product name, product code,
compatible models, and so forth. Thus, from the viewpoint of
maintaining visibility, the primary end surface 201 1s
demanded to be simple. Accordingly, 1t 1s appropriate for the
tag 210 to be installed underneath the primary end surface
201. Here, the thickness of the cardboard for the unit package
container 200 1s ordinarily 5 mm or less so as not to interfere

with the radio wave or electromagnetic wave for accessing the
tag 210.

FIG. 20 1s a perspective view showing the unit package
container 200 and 1ts contents. In FIG. 20, a product 230,
which 1s a process cartridge, toner cartridge, or the like, 1s
housed 1n the unit package container 200 so as to be covered
by a cushioning material 240, such as expanded polystyrene
(EPS), for protection against vibration and drop impact dur-
ing distribution.

In a preferred embodiment, the tag 210 1s installed on the
side of the cushioning material 240 facing the primary end
surface 201. According to this configuration, compared with
attaching to the primary end surface 201, the risk of damage
to the tag 210 during the distribution process 1s reduced.
Furthermore, compared with attaching to the rear side of the
primary end surface, the attachment workability 1s highly
SUPEr1of.

In a further preferred embodiment as shown 1 FIGS. 21
and 22, an opening 241 1s provided 1n the cushioning material
240 and the tag 210 1s held 1n this opening 241. According to
this configuration, the tag 210 1s easily reused.

Although the unit package container 200 was the palletized
unit load 1n the description above, a collective container hous-
ing multiple unit package containers 200 may be the pallet-
1zed unit load. In this case, by providing a tag on the primary
end surface of the collective container and using the stacking
pattern shown 1n FIG. 18, the tag can be accessed from out-
side the pallet load similar to the case for the unit package
container. Here, the tag that 1s provided on the collective
container 1s recorded with information, such as thatrelating to
cach unit package container.

(1) In this embodiment, with a tag attached on one end surface
ol a unit package container contaiming a product or a col-
lective container containing multiple unit package contain-
ers and the unit package containers or collective containers
stacked on a pallet, all surfaces on which are attached a tag
on the unit package containers or collective containers are
positioned toward the outside of the pallet. Thus, 1n the
palletized state, since the tags attached on all the unit
package containers are positioned on the peripheral surface
of the pallet load, the tags on all the unit package containers
or collective containers can be arranged 1n proximity to the
reader so that the tags can be easily accessed.

(2) In a preferred embodiment, the tag 1s attached on the
inside of the end surface of the unit package container or
collective container. According to this embodiment, physi-
cal damage to the tag can be prevented in the distribution
process. Furthermore, during the individual storage on a

shelf, the end surface 1s arranged to face the outside of the

shelf so that important information, such as product model
number, 1s visible. Therefore, notwithstanding the tag 1s
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not present on the outside of the end surface, printed infor-
mation on the outside of the end surface can be arranged to
be highly visible.
(3) In a preferred embodiment, the tag 1s attached on a surface
facing the end surface of the cushioning material to protect
the product within the unit packa ge container. According to
this embodiment, 1n comparison to the above-mentioned
(2), the workability of tag attachment 1s superior and the
attachment position precision can be easily improved.

(4) In a preferred embodiment, the tag i1s attached in an
opening provided in part of the cushioning material so as to
be removable. According to this embodiment, 1n compari-
son to the above-mentioned (3), the physical impact on the
tag1s small so tag failure can be reduced and the attachment
dimension precision can be improved. Furthermore, since
the use of adhesives 1s unnecessary, the tag can be easily
reused.

(5) In a preferred embodiment, the printing on the primary
end surface and that on the secondary end surface have
different contents and colors. According to this embodi-
ment, the primary end surface and the secondary end sur-
face can be clearly distinguished so as to prevent the tag
attachment surface from being mistaken during tag attach-
ment or access.

(6) In a preferred embodiment, the tag that 1s attached on the
outside of the primary end surface also serves as alabel that
has the necessary printing on the primary end surface.
According to this embodiment, the primary end surface
attached label and IC tag sheet can be commonized for cost
reductions.

Tenth Embodiment

This embodiment relates to a handling management sys-
tem for products using tags, and more specifically to an inven-
tion where a tag 1s recorded with handling precautions (han-
dling marks) for a product, a warning 1s 1ssued on the basis of
the necessary handling information when a cargo handler
moves or sorts the product, and mishandling and the accom-
panying damage to the carried product can be prevented.

Package cushioning materials have been designed so that
products can withstand drop impacts that may occur in the
distribution process before delivery to the customer. Further-
more, the surface of the unit package container containing the
product 1s indicated with a handling mark that signifies the
product should be handled with care.

However, products are sometimes damaged by rough han-
dling, such as when a cargo handler tosses unit package
containers outside from the truck cargo bay.

Furthermore, with regard to the spent process cartridges
and toner cartridges, such as for copiers and printers, reverse
logistics systems for their collection have been established
due to environmental concerns. However, due to various
causes, such as improper packing by the customer or 1nap-
propriate handling by cargo handlers, there are instances
where trouble may occur, such as when the residual toner in
the spent process cartridges or toner cartridges leaks out from
the unit package container.

Accordingly, this embodiment provides a system for alle-
viating this sort of trouble or a system that makes 1t possible
to trace the distribution route 1n the event trouble occurs so as
to facilitate improvements in cargo handling.

It should be noted that this embodiment 1s applicable not
only to copier and printer supplies but also to many products
that require care 1n handling, such as glass products, precision
equipment, and so forth.
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Taking a different viewpoint, the boxes of most products
are printed with around five handling marks (reter to FIG. 23
for examples) and 1n actuality the cargo handlers do not have
the leisure of confirming each mark while working. This
embodiment provides an 1deal method for clearly furnishing
the minimum of information that must be observed to the
worker.

Systems relating to this embodiment are given hereinafter
in (1) to (14).

(1) A system where a tag that 1s attached to a product body or
unit package container 1s recorded with product handling
information (handling mark instruction) for either “frag-
1le”” or “this side up” or both.

(2) In a system of (1), a system where the reader and the
warning device are itegrated or separable devices and are
worn by a cargo handler, and while the cargo handler holds
the unit package container, the radio wave output value of
the reader 1s set so that the tag that 1s attached to the product
body or unit package container 1s within the communica-
tion range of the reader.

(3) In a system of (2), a system where the warning device 1s
activated when the precaution information stored in the tag
1s recerved by the reader.

(4) In a system of (3), a system where the above-mentioned
warning device emits any of the following: sound, vibra-
tion, light, or current for stimulation.

(5) In a system as 1n one of (2) to (4), a system where at least
the antenna within the reader 1s provided within range of
the radio wave, such as on the wrist, abdomen, waist, or
head (within a helmet) of the cargo handler.

(6) In a system as in one of (2) to (5), a system where the
reader and warning device, all or 1n part, are provided so as
to be integrated with the work clothes of the cargo handler.

(7) In a system of (6), a system where an antenna 1s provided
near a sleeve opening and a power supply and communi-
cation and processing module are provided so as not to
hinder the cargo handler, such as on a shoulder, and where
they are connected by cable.

(8) In a system of (6) or (7), a system where the warning
device includes multiple LEDs and the multiple LEDs are
arranged on the sleeve opening of the work clothes.

(9) In a system as 1n one of (2) to (8), a system including the
reader and the warming device where at least the warning
device 1s a light emitting type and arranged 1n work goggles
so as not to obstruct the field of view of the cargo handler.

(10) In a system as 1n one of (2) to (9), a system where the
reader outputs a variable signal (for example, two types of
signals) 1n accordance with the strength of the received
signal to the warning device. The significance of this sys-
tem 1s as follows. Namely, since the cargo handler, or
particularly delivery service personnel, simultaneously
handles many packages and the handling precaution sig-
nals are received from nearby multiple packages, 1t can be
supposed there are instances where 1t 1s difficult to judge 1
the package that 1s being held 1s the corresponding pack-
age. Accordingly, 11 two types of strengths are displayed,
identification of the package becomes possible.

(11) In a system of (10), as the above-mentioned signal 1s
recerved, a system where the warning device changes, 1n
the case of LEDs, at least the number of 11t LEDs, the light
output intensity, or the blinking frequency; and in the case
of sound, vibration, or current for stimulation, the warning
device changes either or both the output intensity and
warning interval.

(12) Ina system as in one of (2) to (11), a system where RAM
area 1s provided in the tag, a writer function 1s added to the
reader, and the ID of the cargo handler and the handling
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date are recorded 1nto the RAM area by the reader. It 1s

preferable for the above-mentioned RAM area to be non-

volatile or backed up by battery.

(13) Inasystem of (12), a system where multiple storage cells
are provided 1n the RAM area of the tag, only one location
can be written 1n the reader of the same cargo handler at the
same time of day and a successively different cell 1s written
for the operation of the same cargo operator at a different
time of day and for the operation of a different operator, and
rewriting or deletion are not allowed.

(14) In a system of (12) or (13), a system where the reader
held by a cargo operator has a function for recording the 1D
of a handled product for which a warning was generated,
this information 1s mnput by a host computer for total inte-
grated management through a network on a certain peri-
odical basis (for example, after the end of a work day), and
as this operation completes the information recorded 1n the
reader 1s deleted.

According to the above-mentioned systems of (1) to (14),
since warnings, such as “do not stack fragile items on top of
the truck cargo bay (to prevent impact due to the collapse of
packages during shipment)” or “do not throw fragile items”,
are 1ssued immediately prior to a task, tasks where “fragile
items are stacked on top of the truck cargo bay or “fragile
items are thrown” can be inhibited.

Furthermore, according to the system of (12) to (14), loca-
tions or workers (or worker can be 1dentified 11 statistics are
taken) where trouble occurs can be narrowed down to 1dentify
factors that need to be improved and the introduction of this
system 1tself demonstrates an effect of inhibiting rough han-
dling.

It should be understood that the present mvention 1s not
intended to be limited by the above-mentioned embodiments
and various modifications may be made within the scope of
and not deviate from the spirit of the invention.

EXAMPLE

An example of a relay antenna relating to this mvention
will be described hereinafter.

FI1G. 24 1s a schematic plan view of the relay antenna that
was fabricated in this example. In this example, as shown in
FIG. 24, therelay antenna was fabricated on a cardboard sheet
to include a pair of loop antennas and wires. Each of the pair
of loop antennas has a 25 mmx25 mm substantially square
shape and a 5-turn winding. Furthermore, the wires are
twisted pair with a length of 170 mm. A tag 1s arranged in
proximity to one loop antenna whereas a reader (coupler) 1s
arranged 1n proximity to the other loop antenna. Here, the
distance between the loop antenna for the relay antenna and
the loop antenna for the tag and the distance between the loop
antenna for the relay antenna and the loop antenna for the
reader 1s approximately 1-2 mm. Then, when an interrogation
signal 1s transmitted from the reader to the tag, the response
signal from the tag could be recerved by the reader.

The entire disclosure of Japanese Patent Application No.
2005-062686 filed on Mar. 7, 2005 including specification,
claims, drawings and abstract 1s incorporated herein by ret-
erence 1n 1ts entirety.

What 1s claimed 1s:

1. An RFID relay antenna that 1s used in an RFID system
including an RFID tag and an RFID reader that performs
wireless communications with the RFID tag, the RFID relay
antenna comprising:

at least one first loop antenna of that couples through elec-

tromagnetic induction with an antenna at the RFID tag;
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a plurality of second loop antennas that are disposed apart
from each other and each of which 1s disposed apart from
the first loop antenna and that couples through electro-
magnetic induction with an antenna at the RFID reader
or to a second RFID relay antenna; and

a set of wires that connect the at least one first loop antenna
and the plurality of second loop antennas so as to form
one closed loop and that convey an induced current
among the at least one first loop antenna and the plurality
of second loop antennas.

2. An RFID system comprising:

an RFID tag;

an RFID reader performs wireless communications with
the RFID tag; and

an RFID relay antenna including at least one first loop
antenna that couples through electromagnetic induction
with an antenna at the RFID tag, a plurality of second
loop antennas that are disposed apart from each other
and each of which 1s disposed apart from the first loop
antenna and each of which 1s disposed apart from the
first loop antenna and couples through electromagnetic
induction with an antenna at the RFID reader or to a
second RFID relay antenna, and a set of wires that con-
nect the at least one first loop antenna and the plurality of
second loop antennas so as to form one closed loop and
that convey an induced current generated among the at
least one first loop antenna and plurality of second loop
antennas.

3. A container that 1s capable of containing a product hav-
ing an RFID tag attached thereto and that has a shape of a
rectangular parallelepiped with six surfaces, the container
comprising;

a first loop antenna that couples through electromagnetic

induction with an antenna at the RFID tag;

one or more second loop antennas that are disposed apart
from the first loop antenna; and

a set of wires that connect the first loop antenna and the one
or more second loop antennas so as to form one closed
loop and that convey an induced current among the first
loop antenna and the one or more second loop antennas;

wherein two or more loop antennas among the first loop
antenna and the one or more second loop antennas are
disposed on two or more surfaces of the six surfaces so
as to couple through electromagnetic induction with an
exterior antenna which 1s non-integral with the con-
tainer.

4. A container according to claim 3, wherein:

the two or more surfaces on which the loop antennas are
disposed 1nclude two mutually opposed surfaces (re-
ferred to hereinafter as inline arranged surfaces) of the
s1x surfaces; and

the loop antennas disposed on the inline arranged surfaces
are disposed such that, when a plurality of the containers
are arranged 1nline along a direction normal (referred to
hereinafter as arrangement direction) to the inline
arranged surfaces, the loop antennas disposed on inline
arranged surfaces on both sides mutually adjacent face
cach other.

5. A container sequence, comprising:

a plurality of containers;

cach container being capable of contaiming a product hav-
ing an RFID tag attached thereto;

cach container having a shape of a rectangular parallelepi-
ped with six surfaces;

cach container including,

a first loop antenna that couples through electromagnetic
induction with an antenna at the RFID tag,
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one or more second loop antennas that are disposed apart
from the first loop antenna, and

a set of wires that connect the first loop antenna and the
plurality of second loop antennas so as to form one

22

cach container being capable of containing a product
having an RFID tag attached thereto, each container
having a shape of a rectangular parallelepiped with six
surfaces, each container including a first loop antenna

closed loop and that convey an induced current among 5 that couples through electromagnetic induction with an
the first loop antenna and the one or more second loop antenna at the RFID tag, one or more second loop anten-
antennas, nas that are disposed apart from the first loop antenna,
wherein two or more loop antennas among the first loop and a set of wires that connect the first loop antenna and
antenna and the one or more second loop antennas are the one or more second loop antennas so as to form one
disposed on two or more surfaces of the six surfaces 10 closed loop and that convey an induced current among
so as to couple through electromagnetic induction the first loop antenna and the one or more second loop
with an exterior antenna which 1s non-integral with antennas, wherein two or more loop antennas among the
the container, first loop antenna and the one or more second loop
the two or more surfaces on which the loop antennas are antennas are disposed on two or more surtaces of the six
disposed include two mutually opposed surfaces (re- 15 surfaces so as to couple induction with an exterior
ferred to hereinatter as inline arranged surfaces) of the antenna which 1s non-integral with the container, the two
s1X surfaces, or more surfaces on which the loop antennas are dis-
the loop antennas disposed on the inline arranged sur- posed include two mutually opposed surfaces (referred
faces are disposed such that, when a plurality of the to hereinafter as inline arranged surfaces) of the six
containers are arranged inline along a direction nor- 20 surfaces, the loop antennas disposed on the inline
mal (referred to heremaftter as arrangement direction) arranged surfaces are disposed such that, when a plural-
to the inline arranged surfaces, the loop antennas dis- ity ol the containers are arranged inline along a direction
posed on 1inline arranged surfaces on both sides mutu- normal (referred to hereinafter as arrangement direc-
ally adjacent face each other, and tion) to the inline arranged surfaces, the loop antennas
the plurality of containers in the container sequence are 25 disposed on inline arranged surfaces on both sides mutu-
arranged inline with respect to each other the arrange- ally adjacent face each other, and the plurality of con-
ment direction. taimners in the container sequence are arranged inline
6. A communication confirmation method, comprising: with respect to each other the arrangement direction;
(a) disposing an RFID reader to face one end surface of a (b) disposing a transponder for communication confirma-
container sequence ncluding a plurality of containers, 30 tion to face the other end surface of the container
cach container being capable of containing a product sequence; and
having an RFID tag attached thereto, each container (¢) judging the arrival or non-arrival of a signal from the
having a shape of a rectangular parallelepiped with six RFID reader to each RFID tag included 1n the container
surfaces, each container including a first loop antenna sequence on the basis of whether a response signal of the
that couples through electromagnetic induction with an 35 transponder in response to a signal from the RFID reader
antenna at the RFID tag, one or more second loop anten- 1s received by the RFID reader.
nas that are disposed apart from the first loop antenna, 8. An arrangement structure of containers, comprising:
and a set of wires that connect the first loop antenna and a first container sequence;
the one or more second loop antennas so as to form one said first container sequence mcluding a plurality of con-
closed loop and that convey an induced current among 40 tainers, each container being capable of containing a
the first loop antenna and the one or more second loop product having an RFID tag attached thereto, each con-
antennas, wherein two or more loop antennas among the tamner having a shape of a rectangular parallelepiped
first loop antenna and the one or more second loop with si1x surfaces;
antennas are disposed on two or more surfaces of the six cach container 1n the first container sequence including,
surfaces so as to couple electromagnetic induction with 45 a first loop antenna that couples through electromagnetic
an exterior antenna which 1s non-integral with the con- induction with an antenna at the RFID tag,
tainer, the two or more surfaces on which the loop anten- one or more second loop antennas that are disposed apart
nas are disposed include two mutually opposed surfaces from the first loop antenna, and
(referred to hereinafter as inline arranged surfaces) of a set of wires that connect the first loop antenna and the
the six surfaces, the loop antennas disposed on the inline 50 one or more second loop antennas so as to form one
arranged surfaces are disposed such that, when a plural- closed loop and that convey an induced current among,
ity ol the containers are arranged inline along a direction the first loop antenna and the one or more second loop
normal (referred to hereinafter as arrangement direc- antennas, wherein two or more loop antennas among,
tion) to the iline arranged surfaces, the loop antennas the first loop antenna and the one or more second loop
disposed on inline arranged surfaces on both sides mutu- 55 antennas are disposed on two or more surfaces of the
ally adjacent face each other, and the plurality of con- s1X surfaces so as to couple through electromagnetic
taimners in the container sequence are arranged inline induction with an exterior antenna which 1s non-inte-
with respect to each other the arrangement direction; gral with the container, the two or more surfaces on
(b) disposing a receiver for communication confirmation to which the loop antennas are disposed include two
face the other end surface of the container sequence; and 60 mutually opposed surfaces (referred to hereinaiter as
(¢) judging the arrival or non-arrival of a signal from the inline arranged surfaces) of the six surfaces, the loop
RFID reader to each RFID tag included 1n the container antennas disposed on the inline arranged surfaces are
sequence on the basis of whether a signal from the RFID disposed such that, when a plurality of the containers
reader 1s received by the recerver. are arranged inline along a direction normal (referred
7. A communication confirmation method, comprising 65 to hereinafter as arrangement direction) to the inline
(a) disposing an RFID reader to face one end surface of a arranged surfaces, the loop antennas disposed on

container sequence ncluding a plurality of containers, inline arranged surfaces on both sides mutually adja-
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cent face each other, and the plurality of containers in
the container sequence are arranged inline with
respect to each other the arrangement direction;

a second container sequence disposed parallel to the first

to form one closed loop and that convey an induced

24

through electromagnetic induction with an exterior
antenna which 1s non-integral with the container, the two
or more surfaces on which the loop antennas are dis-
posed include two mutually opposed surfaces (referred

container sequence; 5 to heremnafter as inline arranged surfaces) of the six
said second container sequence including a plurality of surfaces, the loop antennas disposed on the inline
containers, each container being capable of containing a arranged surfaces are disposed such that, when a plural-
product having an RFID tag attached thereto, each con- ity ol the containers are arranged inline along a direction
tamner having a shape of a rectangular parallelepiped normal (referred to hereinafter as arrangement direc-
with s1x surfaces; 10 tion) to the inline arranged surfaces, the loop antennas
cach container 1n the second container sequence includ- disposed on inline arranged surfaces on both sides mutu-
ing, ally adjacent face each other, and the plurality of con-
a first loop antenna that couples through electromagnetic taimners in the container sequence are arranged inline
induction with an antenna at the RFID tag, with respect to each other the arrangement direction,
one or more second loop antennas that are disposed apart 15 a second container sequence disposed parallel to the first
from the first loop antenna, and container sequence, the second container sequence
a set of wires that connect the first loop antenna and the one including a plurality of containers, each container being
or more second loop antennas so as to form one closed capable of containing a product having an RFID tag
loop and that convey an induced current among the first attached thereto, each container having a shape of a
loop antenna and the one or more second loop antennas, 20 rectangular parallelepiped with six surfaces, each con-
wherein two or more loop antennas among the first loop tainer 1n the second container sequence including a first
antenna and the one or more second loop antennas are loop antenna that couples through electromagnetic
disposed on two or more surfaces of the six surfaces so induction with an antenna at the RFID tag, one or more
as to couple through electromagnetic induction with an loop antennas that are disposed apart from the first loop
exterior antenna which 1s non-integral with the con- 25 antenna, and a set of wires that connect the first loop
tainer, the two or more surfaces on which the loop anten- antenna and the one or more second loop antennas so as
nas are disposed include two mutually opposed surtaces to form one closed loop and that convey an induced
(referred to hereinafter as inline arranged surfaces) of current among the first loop antenna and the one or more
the si1x surfaces, the loop antennas disposed on the inline second loop antennas, wherein two or more loop anten-
arranged surfaces are disposed such that, when a plural- 30 nas among the first loop antenna and the one or more
ity ol the containers are arranged inline along a direction second loop antennas are disposed on two or more sur-
normal (referred to hereinafter as arrangement direc- faces of the six surfaces so as to couple through electro-
tion) to the nline arranged surfaces, the loop antennas magnetic induction with an exterior antenna which 1s
disposed oninline arranged surfaces on both sides mutu- non-integral with the container, the two or more surfaces
ally adjacent face each other, and the plurality of con- 35 on which the loop antennas are disposed include two
taimners 1n the container sequence are arranged inline mutually opposed surfaces (referred to hereinafter as
with respect to each other the arrangement direction; and inline arranged surfaces) of the six surfaces, the loop
a U-turn antenna installed at a location facing one end antennas disposed on the inline arranged surfaces are
surface of the first and second container sequences; disposed such that, when a plurality of the containers are
wherein the U-turn antenna has a pair of loop antennas that 40 arranged inline along a direction normal (referred to
are disposed to face the one end surface of each of the hereinafter as arrangement direction) to the inline
first and second container sequences and that couple arranged surfaces, the loop antennas disposed on inline
through electromagnetic induction with the loop arranged surfaces on both sides mutually adjacent face
antenna installed on each of the one end surfaces and a cach other, and the plurality of containers in the con-
set of wires that connect the pair of loop antennas so as 45 tainer sequence are arranged 1nline with respect to each

other the arrangement direction,

a U-turn antenna installed at a location facing one end
surface of the first and second container sequences, the
U-turn antenna having a pair of loop antennas that are
disposed to face the one end surface of each of the first
and second container sequences and that couple through
clectromagnetic 1induction with the loop antenna
installed on each of the one end surfaces and a set of
wires that connect the pair of loop antennas so as to form
one closed loop and that convey an induced current
between the pair of loop antennas,

wherein the RFID reader 1s disposed such that the RFID
reader face the other end surface of one container
sequence of the first and second container sequences;

(b) disposing a recerver for communication confirmation to

current between the pair of loop antennas.
9. A communication confirmation method, comprising;
(a) disposing an RFID reader relative to an arrangement
structure of containers, 50
the arrangement structure including,
a first container sequence including a plurality of contain-
ers, each container being capable of containing a product
having an RFID tag attached thereto, each container
having a shape of a rectangular parallelepiped with six 55
surfaces, each container in the first container sequence
including a first loop antenna that couples through elec-
tromagnetic induction with an antenna at the RFID tag,
one or more second loop antennas that are disposed apart
from the first loop antenna, and a set of wires that con- 60
nect the first loop antenna and the one or more second face the other end surface of the other container
loop antennas so as to form one closed loop and that sequence of the first and second container sequences;
convey an induced current among the first loop antenna and
and the one or more second loop antennas, wherein two (¢) judging the arrival or non-arrival of a signal from the
or more loop antennas among the first loop antenna and 65 RFID reader to each RFID tag included in the first and
the one or more second loop antennas are disposed on second container sequences on the basis of whether a
two or more surfaces of the six surfaces so as to couple signal from the RFID reader 1s received by the recerver.
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10. A communication confirmation method, comprising:

(a) disposing an RFID reader relative to an arrangement
structure of containers,

the arrangement structure including,

a first container sequence including a plurality of contain-
ers, each container being capable of containing a product
having an RFID tag attached thereto, each container
having a shape of a rectangular parallelepiped with six
surfaces, each container in the first container sequence
including a first loop antenna that couples through elec-
tromagnetic induction with an antenna at the RFID tag,
one or more second loop antennas that are disposed apart
from the first loop antenna, and a set of wires that con-
nect the first loop antenna and the one or more second
loop antennas so as to form one closed loop and that
convey an induced current among the first loop antenna
and the one or more second loop antennas, wherein two
or more loop antennas among the first loop antenna and
the one or more second loop antennas are disposed on
two or more surtaces of the six surfaces so as to couple
through electromagnetic induction with an exterior
antenna which 1s non-integral with the container, the two
or more surfaces on which the loop antennas are dis-
posed 1mclude two mutually opposed surfaces (referred
to hereinafter as inline arranged surfaces) of the six
surfaces, the loop antennas disposed on the inline
arranged surfaces are disposed such that, when a plural-
ity ol the containers are arranged inline along a direction
normal (referred to hereinafter as arrangement direc-
tion) to the nline arranged surfaces, the loop antennas
disposed on inline arranged surfaces on both sides mutu-
ally adjacent face each other, and the plurality of con-
taimners in the container sequence are arranged inline
with respect to each other the arrangement direction,

a second container sequence disposed parallel to the first
container sequence, the second container sequence
including a plurality of containers, each container being
capable of containing a product having an RFID tag
attached thereto, each container having a shape of a
rectangular parallelepiped with six surfaces, each con-
tainer 1n the second container sequence including a first
loop antenna that couples through electromagnetic
induction with an antenna at the RFID tag, one or more
loop antennas that are disposed apart from the first loop
antenna, and a set of wires that connect the first loop
antenna and the one or more second loop antennas so as
to form one closed loop and that convey an induced
current among the first loop antenna and the one or more
second loop antennas, wherein two or more loop anten-
nas among the first loop antenna and the one or more
second loop antennas are disposed on two or more sur-
faces of the six surfaces so as to couple through electro-
magnetic induction with an exterior antenna which 1s
non-integral with the container, the two or more surtaces
on which the loop antennas are disposed include two
mutually opposed surfaces (referred to hereinafter as
inline arranged surfaces) of the six surfaces, the loop
antennas disposed on the inline arranged surfaces are
disposed such that, when a plurality of the containers are
arranged 1nline along a direction normal (referred to
heremafter as arrangement direction) to the inline
arranged surfaces, the loop antennas disposed on inline
arranged surfaces on both sides mutually adjacent face
cach other, and the plurality of containers 1n the con-
tainer sequence are arranged 1nline with respect to each
other the arrangement direction,
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a U-turn antenna installed at a location facing one end
surface of the first and second container sequences, the
U-turn antenna having a pair of loop antennas that are
disposed to face the one end surface of each of the first
and second container sequences and that couple through
clectromagnetic induction with the loop antenna
installed on each of the one end surfaces and a set of
wires that connect the pair of loop antennas so as to form
one closed loop and that convey an induced current
between the pair of loop antennas,

wherein the RFID reader 1s disposed such that the RFID
reader face the other end surface of one container
sequence of the first and second container sequences;

(b) disposing a transponder for communication confirma-
tion to face the other end surface of the other container
sequence of the first and second container sequences;
and

(¢) judging the arrival or non-arrival of a signal from the
RFID reader to each RFID tag included in the first and
second container sequences on the basis of whether a
response signal of the transponder 1n response to a signal
from the RFID reader 1s recerved by the RFID reader.

11. A container according to claim 3, wherein:

the two or more surfaces on which the loop antennas are
disposed include two adjacent surfaces (referred to here-
inafter as loop arranged surfaces) and another surface
(referred to heremaiter as an access surface) of the six
surfaces; and

the loop antennas disposed on the loop arranged surtfaces
are disposed such that when four of the containers are
arranged 1n a square loop configuration so that the loop
arranged surfaces are mutually adjacent between the
containers, the loop antennas that are disposed on the
loop arranged surfaces of both mutually adjacent sides
face each other.

12. An arrangement structure of containers comprising;:

four containers; and

a shield member;

cach container being capable of contaiming a product hav-
ing an RFID tag attached thereto;

cach container having a shape of a rectangular parallelepi-
ped with six surfaces;

cach container including,

a first loop antenna that couples through electromagnetic
induction with an antenna at the RFID tag,

one or more second loop antennas that are disposed apart
from the first loop antenna, and

a set of wires that connect the first loop antenna and the
one or more second loop antennas so as to form one
closed loop and that convey an induced current among,
the first loop antenna and the one or more second loop
antennas,

wherein two or more loop antennas among the first loop
antenna and the one or more second loop antennas are
disposed on two or more surfaces of the six surfaces so
as to couple through electromagnetic induction with an
exterior antenna which 1s non-integral with the con-
tainer:;

the two or more surfaces on which the second loop anten-
nas are disposed include two adjacent surfaces (referred
to heremaiter as loop arranged surfaces) and another
surface (referred to heremaiter as an access surface) of
the six surfaces:

the loop antennas disposed on the loop arranged surfaces
are disposed such that, when four of the containers are
arranged 1n a square loop configuration so that the loop
arranged surfaces are mutually adjacent between the
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containers, the loop antennas that are disposed on the
loop arranged surfaces of both mutually adjacent sides
face each other:;

said four containers being arranged 1n a square loop con-

figuration so that the loop arranged surfaces are mutu-
ally adjacent between the containers;

said shield member being installed on one of four locations

where the loop arranged surfaces are mutually adjacent
so as to prevent electromagnetic induction coupling
between loop antennas.

13. A container according to claim 3, wherein: the two or
more surfaces on which the loop antennas are disposed
include two adjacent surfaces (referred to hereinaiter as loop
arranged surfaces) of the six surfaces; and

the loop antennas disposed on the loop arranged surfaces

are disposed such that when four of the containers are
arranged 1n a square loop configuration so that the loop
arranged surfaces between the containers are mutually
adjacent at three locations and not adjacent at one loca-
tion, the loop antennas that are disposed on the surfaces
of both mutually adjacent sides face each other.

14. An arrangement structure of containers comprising:

four containers:

cach container being capable of containing a product hav-

ing an RFID tag attached thereto;

cach container having a shape of a rectangular parallelepi-

ped with six surfaces;

cach container including,

a first loop antenna that couples through electromagnetic
induction with an antenna at the RFID tag,

one or more second loop antennas that are disposed apart
from the first loop antenna, and

a set of wires that connect the first loop antenna and the
one or more second loop antennas so as to form one
closed loop and that convey an induced current among
the first loop antenna and the one or more second loop
antennas,

wherein two or more loop antennas among the first loop

antenna and the one or more second loop antennas are
disposed on two or more surfaces of the six surfaces so
as to couple through electromagnetic induction with an
exterior antenna which 1s non-integral with the con-
tainer:;

the two or more surfaces on which the loop antennas are

disposed include two adjacent surfaces (referred to here-
iafter as loop arranged surfaces) of the six surfaces;
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the loop antennas disposed on the loop arranged surfaces
are disposed such that, when four of the containers are
arranged 1n a square loop configuration so that the loop
arranged surfaces are mutually adjacent between the
containers, the loop antennas that are disposed on the
loop arranged surfaces of both mutually adjacent sides
face each other;

said four containers being arranged 1n a square loop con-
figuration so that the loop arranged surfaces between the
containers are mutually adjacent at three locations and
not adjacent at one location.

15. An arrangement structure ol containers comprising:

MxN (where M and N are integers of 2 or greater) contain-
ers, each of which has a shape of a rectangular parallel-
epi1ped with si1x surfaces, which 1s capable of containing,
a product having an RFID tag attached thereto and which
has a loop antenna at the RFID tag installed on a prede-
termined surface (referred to hereafter as antenna
installed surface) among the six surfaces, and arranged
in a matrix configuration of M rows and N columns
along a plane 1n parallel with the antenna 1nstalled sur-
face; and

a relay antenna sheet installed at a location to face the
antenna installed surfaces of the MxN containers;

said relay antenna sheet including,

a sheet member that includes a first region overlapping
the antenna 1nstalled surfaces of the MxN containers
and a second region that 1s provided outside the first
region;

MxN first loop antennas arranged on the first region 1n a
matrix configuration of M rows and N columns to
couple through electromagnetic induction with each
loop antenna installed on the antenna installed surface
of each of the containers:

MxN second loop antennas that are disposed on the
second region to respectively pair with the first loop
antennas and to couple through electromagnetic
induction with the loop antenna at the RFID reader;
and

MxN sets of wires provided for each pair of the loop
antennas to connect the first loop antenna and the
second loop antenna so as to form one closed loop.
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